Introduction
During mammalian embryogenesis, many distinct morphological and physiological changes occur. Among these is the formation of tight junctions between adjacent blastomeres , which in the rabbit occurs at the 8-to 16-cell stage (Hastings & Enders, 1975) . This process, termed compaction Ziomek & Johnson, 1980) , establishes morpho¬ logical and functional polarization of the embryonic cells and spatially segregates these cells into two subsets, the inner cell mass (ICM) and the trophectoderm. The inner cell mass subsequently differentiates to form the embryo proper in an environment isolated from direct maternal influence. The outer embryonic cells differentiate to form a functional unilaminar epithelium, the trophecto¬ derm. As such, the trophectoderm acts as a selective barrier to solute exchange, thereby regulating the composition of extracellular fluid which bathes the developing inner cell mass . Cavitation occurs soon after tight junction formation and is characterized by the accumu¬ lation of variable amounts of blastocoelic fluid within the embryo before attachment to the uterine epithelium (Burgoyne & Ducibella, 1977) . Previous studies in the rabbit have reported that blasto¬ coelic fluid volume increases~1000-fold (70 nl to 80 µ ) between Days 4 and 7 of preimplantation development (Daniel, 1964; Biggers et al, 1977) , a period of changing protein synthesis activity (Van Blerkom & Manes, 1974) . Mechanisms of active transepithelial solute transport have been reported to mediate this process of blastocoele expansion (see Benos & Biggers, 1981; Benos et al, 1985 , for reviews). Specifically, there is increasing evidence that the ubiquitous membrane-bound enzyme Na + /K+ ATPase (EC 3.6.1.3) mediates transtrophectodermal fluid transport in the preimplantation mammalian blastocyst (Biggers et al, 1978) .
In an effort to understand more fully the functional role of Na + /K+ ATPase in differentiation and expansion of the rabbit blastocyst, experiments of the present study were designed to identify blastocyst Na + /K+ ATPase by using procedures of metabolic radiolabelling and two-dimensional polyacrylamide gel electrophoresis (2D-PAGE); and to determine the rate of synthesis ofthe active Na+ transport enzyme between Days 4 and 7 of preimplantation development. Because rates of uptake and incorporation of radiolabelled amino acids by developing embryos can be significantly affected by endogenous amino acid stores and labelling conditions (Regier & Kafatos, 1971;  Epstein & Smith, 1973; Schultz et al, 1979) (Benos, 1981a) . Blastocysts were incubated in 1-2 ml labelling medium for 3 h (5% C02 in humidified air, 37°C). The (1978) with modification. Briefly, duplicate 5 µ samples of tissue lysate were added to 1 -5 ml microcentrifuge tubes containing 0-5 ml distilled water and 100 µ 0-2% bovine serum albumin (BSA) . After the addition of 0-5 ml ice-cold 30% trichloroacetic acid (TCA), proteins were precipitated for 1 h at 4°C. Protein precipi¬ tates were centrifuged (12 000g, for 10min and twice suspended, washed with ice-cold 5% TCA and recentrifuged.
The TCA-precipitable [35S]methionine activity was determined by liquid scintillation spectroscopy (Beckman 6800).
Acid-soluble radioactivity was determined by counting triplicate 10µ1 samples of supernatant from the initial precipitate centrifugation.
Polyacrylamide gel electrophoresis. Labelled blastocyst samples were thawed and frozen 3 times, and the acidprecipitable 35S radioactivity (d.p.m.) was determined as described. After solubilizing blastocyst tissue in lysis buffer, > 94% of the total blastocyst radioactivity was present in the supernatant after centrifugation at 100 000 g for 45 min. Solubilized blastocyst proteins were separated by high resolution two-dimensional PAGE (O'Farrell, 1975) (IEF, 5% polyacrylamide, 9-5 M-urea, 3-5% NP-40, 2% ampholines 50:50, pH 3-10:pH4-6).
Labelled blastocyst proteins and purified Na+/K+ ATPase were co-separated by IEF (6400 Vh) and subsequently resolved according to their molecular weights on SDS-polyacrylamide slab gels (7-15% exponential gradient). Gels were fixed (50% MeOH) and silver stained (Morrissey, 1981) (Skou & Esmann, 1979) . Rabbit kidney Na + /K+ ATPase (a-subunit) was isolated and purified as described by Jorgenssen (1974) . Both purified enzyme preparations were stored in 30 mM-imidazole, 1 mM-EDTA (pH7-4) and 25% (v/v) glycerol at -70°C. The purity of the Na+/K + ATPase preparations was determined by one-dimensional SDS-PAGE as described by Van Blerkom (1978) .
Immunoprecipitation of blastocyst Na+¡K+ ATPase. Day-6 blastocysts were radiolabelled as described and trophectodermal Na + /K+ ATPase was identified by immunoprecipitation (Tarone et al., 1984) . After labelling, the isolated tissues of 4-8 blastocysts were placed in 1-5 ml microfuge tubes containing 0-75 ml Tris-buffered saline (150mM-NaCl, 20 mM-Tris-HCl, 5 mM-EDTA) containing 1 mM-PMSF, 0-5% Triton X-100, 01% SDS and 0-5% sodium deoxycholate (TDS buffer) for 30 min at 4°C. Samples were sonicated (3 10 sec, 4°C) and lysates were prepared by centrifugation (12 000g, 10 min). To 0-5 ml samples of lysate were added 20 µ Na+/K+ ATPase antiserum. The polyclonal antiserum (rabbit) was raised against the purified a-subunit (catalytic subunit, Mr~1 00 000) of sheep kidney Na + /K+ ATPase (Ball et al, 1983 (ß-and -) were measured on each sample of pooled blastocysts. The observations on each sample therefore formed a vector of correlated observations. A curvilinear regression analysis was performed on each ofthe sets of data to determine the lowest order polynomial needed to fit the observations. The analysis was done by applying a one-way ANOVA, and partitioning the sum of squares attributed to variation between days by means of orthogonal polynomial coefficients. This method of analysis was chosen, rather than a multiple regression analysis, because (1) the procedure provides independent tests of significance of the linear, quadratic and cubic components in testing for the required degree of curvilinearity (Fisher, 1920; Sokal & Rohlf, 1981) , and (2) it provides a greater computing accuracy (Draper & Smith, 1981) .
Results

Free intracellular methionine content
The concentration of free methionine in blastocyst tissue is shown in Uptake of acid-soluble 35S radioactivity was low, rapidly saturable (30 min) and remained con¬ stant during the labelling period (Fig. 2, open circles) specific activity of blastocoelic fluid reached > 90% of the external medium specific activity within 2 h (Fig. 3 ). These results demonstrate that no significant 'sink' effect exists when embryos are labelled for 3 h under the given conditions. The arithmetic mean rates of [35S]methionine incorporation into total acid-precipitable blasto¬ cyst protein are shown in Table 2 . Because the variances tend to vary directly with the means, all individual observations were transformed to natural logarithms to reduce this dependency. The transformation is appropriate because growth data tend to be distributed lognormally (Sokal & Rolf, 1981; Hines, 1983 Y-Actin(S) ß-Actin ( )
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All values of b0 were highly significant (P < 0-001); all values of ¿>3 (the cubic component) were not significant (P > 0-05) and are not shown. **0001 < < 0-01; ***P < 0-001. holoenzyme (MT~3 20 000) and the a-subunit (Mr 100 000), and a heterogeneous population of minor proteins. Pretreatment with non-immune serum reduced non-specific precipitation while enhancing immunoprecipitation of Na+/K+ ATPase (holoenzyme and a-subunit).
The predominant polypeptide synthesized throughout the preimplantation period was ß-actin (Fig. 6) (Regier & Kafatos, 1971 ; Epstein & Smith, 1973; . We report here that free intracellular methionine concen¬ trations in 4-to 7-day rabbit blastocysts are uniformly low (<006mM). This is in agreement with previous reports that free methionine concentration is very low and comparable in rabbit blastocyst tissue (Petzoldt era/., 1973; Miller & Schultz, 1987) , blastocoelic fluid (Lesinski et al., 1967; Jaszczak et al, 1972) and uterine fluid (Jaszczak et al, 1972; Miller & Schultz, 1987) . During radiolabelling, methionine is readily transported into blastomeres by Na +-dependent and Na +-independent mechanisms (Benos, 1981b; Bell et al, 1986) and swamps out the comparatively small endogenous methionine pool. We demonstrate that free methionine rapidly equilibrates between the uterine and blastocoelic compartments which support the work of Miller & Schultz (1987 (Brinster et al, 1976 (Brinster et al, , 1979 (Lo & Edelman, 1976; Cook et al, 1985) .
This study presents for the first time direct evidence that blastocyst Na + /K+ ATPase is being synthesized at a rapidly increasing rate between Days 4 and 6 of development in the rabbit. This observation is of particular significance because processes of blastocyst expansion and blastocoele fluid accumulation proceed maximally during this period (Benos & Biggers, 1981) . This finding corroborates several indirect lines of evidence which implicate trophectodermal Na+/K+ ATPase in blastocyst formation (DiZio & Tasca, 1977; Wiley, 1984) and expansion Benos &Biggers, 1981; Benos etal, 1985) . As in other transporting epithelia, Na + /K+ ATPase functions to generate an electrochemical gradient across the trophectoderm by actively transporting intracellular Na+ out ofthe cell and into the blastocoele, thereby facilitating the accumulation of blastocoelic fluid . Previous reports have established that accumulation of rabbit blastocyst fluid, which increases > 1000-fold between Days 4 and 1 p.c. (Benos & Biggers, 1981) , is coupled to active solute transport across the trophectoderm (Gamow & Daniel, 1970; Smith, 1970; Cross, 1973 Cross, ,1974 Borland etal, 1977) . For example, net transtrophectodermalNa+ influx increases 10-fold during this period (Borland etal, \ 976) . Ouabain, a specific inhibitor of Na+/K + ATPase, has been shown to inhibit both the accumulation of blastocyst fluid (Biggers et al, 1978) and > 50% of net trans-trophectodermal Na+ transport in preimplantation rabbit blastocysts (Benos, 1981b) .
Other studies have shown that the Na+ pump is localized within the basal-lateral domains of rabbit and mouse trophectoderm cells (Benos et al, 1985; Watson & Kidder, 1988) . Benos (1981b) (Boardman et al, 1974; Pollack et al, 1981; Edelman et al, 1985) is modulated by hormonal factors (Jorgenssen, 1972; Geheb et al, 1983; Paccolat et al, 1987; McDonough et al, 1988) . Therefore, as the blastocyst undergoes progressively rapid and complex stages of differentiation, and as embryonic development proceeds in an environment of fluctuating hormonal conditions, we postulate that synthesis and functional expression of trophectodermal Na
